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[57] ABSTRACT

A process module which can be integrated with a reduced
pressure cluster tool system for semiconductor wafer pro-
cessing to perform ambient or near ambient pressure reac-
tions without requiring an intermediate buffer chamber. The
process module includes:

a housing defining an evacuatable containment chamber;

an evacuation system for evacuating the containment
chamber to a pressure below ambient pressure;

a process chamber in the interior of the housing adapted
for performing a process operation on a substrate, at an
operating pressure substantially above that of the pres-
sure of the containment chamber, and including a
substrate access port openable to the containment
chamber,
the substrate access port, when closed, isolating said

process chamber from said containment chamber so
that said containment chamber may be maintained at
a lower pressure than the process chamber pressure
during performance of said process operation, and
the substrate access port, when opened to the contain-
ment chamber, permitting said evacuation means to
evacuate the process chamber and the containment
chamber to the same pressure.
A control system is provided which is operable to cause said
access port to open and close, to operate said evacuation
means and to perform said process operation according to a
predetermined processing sequence.

21 Claims, 5 Drawing Sheets
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VACUUM COMPATIBLE WATER VAPOR
AND RINSE PROCESS MODULE

FIELD OF THE INVENTION

The present invention relates to an apparatus used in
semiconductor wafer fabrication and related electronic pro-
cess technologies. The apparatus allows ambient or near
ambient pressure processes to be easily practiced with
vacuum handler devices.

BACKGROUND OF THE INVENTION

Cleaning, rinsing, drying, and transferring wafers occur
before many process steps in semiconductor wafer fabrica-
tion. Typically, these operations are performed at different
workstations, each specifically designed for one particular
operation. Also, typically, the wafers are manually trans-
ported from one dedicated workstation to the next. As device
geometry and line widths shrink, and as wafer sizes increase,
pressure to improve “cleanliness” of the overall process has
risen. This pressure has lead to increased interest in cluster
tools in which various process modules are mounted around
a central handler, maintained under vacuum, which houses
a robotic transfer tool. The transfer tool moves a wafer
between the handler and the associated process modules
according to a programmed processing sequence without
any intermediate exposure of the wafer to human contact or
the ambient environment. Handler pressures for such cluster
tools are typically maintained in the range of about 107 to
about 10 torr.

Processes which operate at pressures similar to, or even
lower, than the handler pressure can be relatively easily
adapted to be used with a cluster tool handler. However, a
number of processes, particularly cleaning and rinsing pro-
cesses using water vapor and/or aqueous liquids are not
casily adapted for low pressure processing. Integration of
such processes into a cluster tool has heretofore been quite
difficult. One attempt to accomplish integration of an ambi-
ent pressure process module has utilized an intermediate
buffer chamber which includes a secondary handler and
which can be evacuated to the cluster tool handler pressure
before a wafer is inserted into the buffer chamber from the
cluster tool handler. After transfer of the wafer to the buffer
chamber, and isolation from the cluster tool handler, the
buffer chamber is brought up to the pressure of the process
module so that the wafer can then be transferred into the
process module without compromising the vacuum of the
primary handler. This solution, however, has not been
entirely satisfactory because of the expense and floor space
required for the buffer chamber. There therefore exists a
need for an improved apparatus and method for integrating
an near ambient process with a vacuum cluster tool.

SUMMARY OF THE INVENTION

The present invention encompasses a process module
which can be integrated with a reduced pressure cluster tool
system without an intermediate buffer chamber. In one
aspect the invention is a process module comprising:

a housing defining an evacuatable containment chamber;

evacuation means for evacuating the containment cham-
ber to a pressure below ambient pressure;

a process chamber in the interior of the housing adapted
for performing a process operation on a substrate, such
as a semiconductor wafer, at an operating pressure
substantially above that of the pressure of the contain-
ment chamber, and including a substrate access port
openable to the containment chamber,
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2

the substrate access port, when closed, isolating said
process chamber from said containment chamber so
that said containment chamber may be maintained at
a lower pressure than the process chamber pressure
during performance of said process operation, and

the substrate access port, when opened to the contain-
ment chamber, permitting said evacuation means to
evacuate the process chamber and the containment
chamber to the same pressure.

A further aspect of the invention is a process module for
a cluster tool, the cluster tool comprising a handler unit, the
handler unit including:

a process module mating surface comprising an openable

entry port;

an interior compartment accessible through said entry port
and maintained at a pressure below ambient pressure;
and

a transfer tool within the handler adapted to transport a
processing substrate into and out of the handler via the
entry port,

the process module comprising:
a housing adapted to be mounted on said mating surface
of the cluster tool handler, the housing, when so
mounted, defining an evacuatable containment cham-
ber;
evacuation means for evacuating the containment cham-
ber to a pressure at or below the pressure of the handler
interior compartment; and
a process chamber in the interior of the housing adapted
for performing a process operation on the substrate at
an operating pressure substantially above that of the
pressure of the interior compartment of the handler, the
process chamber being spaced apart from said entry
port by at least a portion of the containment chamber,
and the process chamber further including an access
port openable to the containment chamber,
the access port being aligned with the entry port of the
handler and sized to permit entry of said transfer tool
and said substrate, whereby when both the entry port
and the access port are opened, the transfer tool may
transfer the substrate between the process chamber
and the handler through said portion of the contain-
ment chamber,

the access port, when closed, isolating said process
chamber from said containment chamber so that said
containment chamber may be maintained at a lower
pressure than the process chamber pressure during
performance of said process operation, and

the access port, when opened to the containment cham-
ber while the handler interior port is closed, permit-
ting said evacuation means to evacuate the process
chamber to a pressure at or below the pressure of the
handler.

The process module of the invention are preferably pro-
vided with a programmable control system operable to
independently cause said handler entry port and said process
chamber access port to open and close, to operate said
evacuation means and to perform said process operation
according to a predetermined processing sequence. Such a
control system may be independent of or interfaced and
acting in concert with the control system of the handler.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic top plan view with parts cut away
of a cluster tool which includes a process module of the
invention thereon.
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FIG. 2 is a schematic side sectional view of a process
module of the invention.

FIG. 3 is a cutaway perspective view of a process tool
portion of the inventive process module with the processing
chamber open to permit insertion or withdrawal of a wafer
therefrom.

FIG. 4 is a view as in FIG. 3 with the chamber lid closed
for gas phase processing of the wafer.

FIG. § is a view as in FIG. 4 with the processing chamber
enlarged by lowering of the wafer carrier assembly for
rinsing or other liquid phase processing of the wafer.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, a process tool 2 is shown located
within the housing 4 of a process module 6. The process
module 6 also comprises a control unit 7, which includes
process controls, plumbing and chemicals as needed to
control and service the process tool according to a pro-
grammed control sequence. The process module is installed
as an element of a cluster tool generally designated by the
numeral 8. Cluster tool 8 includes a central handler 10 in
which a robotic transfer tool 11 is housed. A slit valve
assembly 14 is provided as an integral part of the handler or
the process module 6 or as a separate intermediate assembly
of about 1.5" (3.8 cm) thickness. The slit valve assembly
includes a slit valve which functions as an entry and exit port
through which the wafer is transferred between the handler
10 and the process module 6 by the transfer tool 11.

FIG. 2 shows a schematic side sectional view of the
process module 6. The process tool 2 includes a process
chamber device 12 enclosed within a low pressure contain-
ment chamber 18 defined by the inner walls of housing 4.
The process chamber is open and a wafer 16 is supported
therein. A suitable process chamber device 12 is a HF /water
vapor chamber such as the Excalibur® MVP process cham-
ber sold by FSI International for surface oxides and con-
tamination removal. [llustratively, the plumbing and chemi-
cals supply apparatus in control unit 7 includes means for
supplying HF, water vapor, HCI, ozone and liquid DI water
to the process chamber according to a programed sequence.
Other chemicals, however, may be suitably provided in
place of, or in addition to, these specifically mentioned
chemicals without departing from the invention hereof. For
safety purposes ventilation of the cabinet of module 6 may
be provided by exhaust vent 13.

FIG. 3 provides a view of the housing 4 with the process
tool in a position to accept the wafer. Pressure in the
containment chamber is monitored by a pressure gauge 19.
A slit opening 15, aligned with the slit valve of slit valve
assembly 14, provides access for wafer insertion into hous-
ing 4. The process tool is mounted near the opening 15 so
that the handler can insert and remove the wafers from the
process tool. As the typical handler transfer robot is limited
to an travel length of about 12 inches beyond the handler
wall, the center of the process tool is suitably located within
this distance from the handler wall. In the wafer receiving
position, the lid 20 of the process chamber is raised by lid
lifter 21 so that the handler can transfer the wafer to the
interior of the chamber. The wafer process tool is provided
with a wafer carrier 24 which is rotatable by motor 26. A
high vacuum turbo pump 28 is provided to evacuate the
containment chamber 18 and, because the process tool is
open to chamber 18 when in the receiving position, the
process chamber portion of the device is likewise evacuated
by pump 28.
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FIG. 4 is a view as in FIG. 3 except that the process tool
lid 20 has been lowered by lid lifter 21 to the chemical
processing position in which the wafer is treated with
processing chemicals such as HF/water vapor. The lowered
lid 20 defines a process chamber 30 isolated from the
containment chamber 18 by seal 25. The process chamber 30
can then be provided with process gases at or near atmo-
spheric pressure while the containment chamber 18 is held
under vacuum. The process gases flow into the process tool
via input conduit 27 and are removed via output conduit 29.
Backside treatment can be provided by supplying process
gas through port 31. Alternatively, backside protection of the
wafer can be facilitated by supplying dry Nitrogen or other
inert gas through port 31.

FIG. 5 is a view as in FIG. 4 except that the wafer carrier
assembly has been lowered to a rinse processing position,
enlarging the processing chamber to include lower portion
32. In the rinse processing position rinse water is sprayed on
the rotating wafer from spray nozzles, not shown, located in
lower portion 32 of the processing chamber. During rinsing
the wafer is spun so that the rinse water is centrifugally
dispensed into collection trough 34, from which it is drained
via drain conduits, not shown. Backside rinsing may be
accomplished by simultaneously feeding rinse water
through port 31. Upon completion of the rinse step, the
wafer is spun dry and then the carrier assembly is raised
back to the processing position of FIG. 4. O-ring seal 38
isolates the collection trough 34 from the upper part of the
processing chamber when the carrier assembly is raised so
that any undrained rinse water need not be evaporated prior
to evacuation of the processing chamber and the processing
chamber’s volume is reduced to expedite evacuation.

To evacuate the processing chamber in preparation for
removal of the processed wafer, the processing chamber lid
may simply be opened, relying on vacuum pump 28 to
evacuate the combined containment and processing chamber
volumes. More efficient evacuation is provided, however, if
while the processing chamber is still closed, the chamber is
purged with dry nitrogen and any residual liquid water
pumped out of port 31 by a separate pump connected to port
31. The entire process chamber is then suitably pumped
down to an intermediate pressure between the processing
pressure and the pressure of chamber 18 using a roughing
pump which is suitably connected to ports 27 and 29. Such
partial evacuation of the process chamber, results in a less
drastic pressure change upon opening of the process cham-
ber to containment chamber 18, reducing turbulence which
might give rise to contamination problems and more rapid
reequilibration of the containment chamber pressure.

In the preferred embodiment wafers are processed at near
atmospheric pressure (600 to about 900 torr), typically 760
to 800 torr, while inside the process chamber. When the
processing has been completed, the process chamber is
purged with dry nitrogen. Heat may be applied to the process
chamber or the purge gas may be heated above ambient to
facilitate moisture removal. Subsequent to purging, the
pressure is reduced inside the process chamber to about 1
torr and then the process chamber opened by lifting the lid
20 to the position shown in FIG. 3. The pressure of the
containment chamber 18 is adjusted to below that of the
handler, suitably to about 10~ torr or less, and then back-
filled with dry nitrogen to the handler pressure, typically
about 10™"-10 torr. When the containment chamber is at the
handler pressure the slit valve of slit valve assembly 14 is
opened and to allow the transfer tool 11 to retrieve the
processed wafer.

With a pumpdown to 10~ torr and backfill to 10 torr the
moisture content of the containment chamber 18 will be
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about 10 ppm H,O, which is a significant benefit for
semiconductor wafer processing.

The cleaning and rinsing cycle can be adapted to accom-
modate both vapor phase and liquid phase chemical pro-
cessing. For instance, the rinse position shown in FIG. 5 may
be utilized to apply conventional wet chemicals such as
hydrogen peroxide, hydrofluoric acid, hydrochloric acid,
isopropyl alcohol, sulfuric acid, and acetone, in addition to
rinse water. The gas delivery system can be used to supply
various process gases and gas mixtures including water
vapor, anhydrous hydrofluoric acid, hydrochloric acid,
ozone, isopropyl alcohol, chlorine, fluorine and chlorine
trifluoride, as well as nitrogen, argon and other inert gases.
Other process gases and liquids will be readily apparent to
those skilled in the art and therefore their use should be
considered to come within the scope of this invention.

Other variations on the structure of the inventive appara-
tus as described in the following claims will also be apparent
to the skilled person and so the invention should not be
considered limited to preferred embodiment described
herein.

What is claimed is:

1. A process module for a cluster tool, the cluster tool
comprising a handler unit, the handler unit including:

a process module mating surface comprising an openable

entry port;

an interior compartment accessible through said entry port
and maintained at a pressure below ambient pressure;
and

a transfer tool within the handler adapted to transport a
processing substrate into and out of the handler via the
entry port,

the process module comprising:
a housing adapted to be mounted on said mating surface
of the cluster tool handler, the housing, when so
mounted, defining an evacuatable containment cham-
ber;
evacuation means for evacuating the containment cham-
ber to a pressure at or below the pressure of the handler
interior compartment; and
a process chamber in the interior of the housing adapted
for performing a process operation on the substrate at
an operating pressure substantially above that of the
pressure of the interior compartment of the handler, the
process chamber being spaced apart from said entry
port by at least a portion of the containment chamber,
and the process chamber further including an access
port openable to the containment chamber,
the access port being aligned with the entry port of the
handler and sized to permit entry of said transfer tool
and said substrate, whereby when both the entry port
and the access port are opened, the transfer tool may
transfer the substrate between the process chamber
and the handler through said portion of the contain-
ment chamber,

the access port, when closed, isolating said process
chamber from said containment chamber so that said
containment chamber may be maintained at a lower
pressure than the process chamber pressure during
performance of said process operation, and

the access port, when opened to the containment cham-
ber while the handler entry port is closed, permitting
said evacuation means to evacuate the process cham-
ber to a pressure at or below the pressure of the
handler.

2. A process module as in claim 1 further comprising a
control system operable to independently cause said handler
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entry port and said process chamber access port to open and
close, to operate said evacuation means and to perform said
process operation according to a preselected processing
sequence.

3. A process module as in claim 2 wherein said control
system is configured to perform a preselected processing
sequence comprising the sequential steps of:

(a) opening the process chamber access port;

(b) evacuating the containment chamber and the process
chamber to a first preselected pressure at or below the
handler pressure;

(c) opening the handler entry port;

(d) operating the handler tool to transfer a substrate from
the handler interior compartment to the processing
chamber;

(e) closing the entry and access ports;

(f) performing a said processing operation on said sub-
strate at a pressure above the pressure of the handler
interior compartment;

(g) opening the process chamber access port;

(h) evacuating the containment chamber and the process
chamber to a second preselected pressure at or below
the handler pressure, which may be the same or dif-
ferent than said first preselected pressure;

(i) opening the handler entry port; and

(j) operating the handler tool to transfer the substrate from
the processing chamber to the handler interior com-
partment.

4. A process module as in claim 3 further comprising an
auxiliary evacuation means for reducing the pressure in the
process chamber to a pressure between the process operating
pressure and the pressure of the containment chamber while
the access port is closed and wherein said processing
sequence includes the further steps of:

reducing the pressure in the process chamber to a pressure
between the process operating pressure and the pres-
sure of the containment chamber prior to said step (a)
and

reducing the pressure in the process chamber to a pressure
between the process operating pressure and the pres-
sure of the containment chamber between said step (f)
and said step (g).

5. A process module as in claim 3 wherein in step (b) said
first preselected pressure is below the handler pressure and
the processing sequence further includes the step of back-
filling the containment chamber and process chamber to the
handler pressure with dry inert gas between step (b) and step
©).

6. A process module as in claim 5 wherein in step (h) said
second preselected pressure is below the handler pressure
and the processing sequence further includes the step of
backfilling the containment chamber and process chamber to
the handler pressure with dry inert gas between step (h) and
step (i).

7. A process module as in claim 1 further comprising an
auxiliary evacuation means for reducing the pressure in the
process chamber to a pressure between the process operating
pressure and the pressure of the containment chamber while
the access port is closed.

8. A process module as in claim 7 wherein said process
chamber includes liquid fluid supply means for supplying
liquid process fluids to said process tool, and liquid removal
means for removing the liquid process fluids from said
process chamber while the access port is closed.

9. A process module as in claim 8 wherein the liquid
removal means includes a liquid collection trough at the
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bottom of the chamber during processing, and isolatable
from the chamber after processing while the access port is
closed.

10. A process module as in claim 9 wherein the process
chamber includes a rotatable substrate support holding the
substrate in the chamber during processing and operable to
spin-dry the substrate.

11. A process module as in claim 8 wherein said liquid
supply means includes means for supplying an aqueous
liquid.

12. A method of operating a process module as in claim
1 comprising the steps of:

(a) opening the process chamber access port;

(b) evacuating the containment chamber and the process
chamber to a first preselected pressure at or below the
handler pressure;

(c) opening the handler entry port;

(d) operating the handler tool to transfer a substrate from
the handler interior compartment to the processing
chamber;

(e) closing the entry and access ports;

(f) performing a said processing operation on said sub-
strate at a pressure above the pressure of the handler
interior compartment;

(g) opening the process chamber access port;

(h) evacuating the containment chamber and the process
chamber to a second preselected pressure at or below
the handler pressure, which may be the same or dif-
ferent than said first preselected pressure;

(i) opening the handler entry port; and

(j) operating the handler tool to transfer the substrate from
the processing chamber to the handler interior com-
partment.

13. A process as in claim 12 further comprising the steps

of:

reducing the pressure in the process chamber to a pressure
between the process operating pressure and the pres-
sure of the containment chamber prior to said step (a)
and

reducing the pressure in the process chamber to a pressure
between the process operating pressure and the pres-
sure of the containment chamber between said step (f)
and said step (g).

14. A process as in claim 12 wherein in step (b) said first
preselected pressure is below the handler pressure and the
process further comprises the step of backfilling the con-
tainment chamber and process chamber to the handler
pressure with dry inert gas between step (b) and step (c).
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15. A process as in claim 14 wherein in step (h) said
second preselected pressure is below the handler pressure
and the process further comprises the step of backfilling the
containment chamber and process chamber to the handler
pressure with dry inert gas between step (h) and step (i).

16. A process module comprising:

a housing defining an evacuatable containment chamber;

evacuation means for evacuating the containment cham-

ber to a pressure below ambient pressure; and

a process chamber in the interior of the housing adapted

for performing a process operation on a substrate at an
operating pressure substantially above that of the pres-
sure of the containment chamber, and including a
substrate access port openable to the containment
chamber,
the substrate access port, when closed, isolating said
process chamber from said containment chamber so
that said containment chamber may be maintained at
a lower pressure than the process chamber pressure
during performance of said process operation, and
the substrate access port, when opened to the contain-
ment chamber while the handler interior port is
closed, permitting said evacuation means to evacuate
the process chamber and the containment chamber to
the same pressure.

17. A process module as in claim 16 further comprising a
control system operable to cause said access port to open and
close, to operate said evacuation means and to perform said
process operation according to a preselected processing
sequence.

18. A process module as in claim 16 further comprising an
auxiliary evacuation means for reducing the pressure in the
process chamber to a pressure between the process operating
pressure and the pressure of the containment chamber while
the substrate access port is closed.

19. A process module as in claim 18 wherein said process
chamber includes liquid fluid supply means for supplying
liquid process fluids to said process tool, and liquid removal
means for removing the liquid process fluids from said
process chamber while the substrate access port is closed.

20. A process module as in claim 19 wherein the liquid
removal means includes a liquid collection trough at the
bottom of the chamber during processing, and isolatable
from the chamber after processing while the substrate access
port is closed.

21. A process module as in claim 20 wherein the process
chamber includes a rotatable substrate support holding the
substrate in the chamber during processing and operable to
centrifugally dry the substrate.



